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Mecaniquc de Newton 



a g . l-> 11 ^aJt lLiLsMaJI ^ J jl ISclEIC Newton JjLa*_ml j ;'*•*_' 

* 4 oJUa£ *L*,a Urr ^ 

: gjLull ^Uui 9 «£jiJI ^Uui - 1 

: acjuJI ^LaA * 

% gJlju » A j * j j i2j^fL»«_a J y i. L j 1«.f."< ^Lll A_ual^oJl J ■ •*- ■■■'< juj M j *»-'■ j ^ L» Vi j_Juu 

.X L^JLa <L>j)i mm 4 jf 

1 M, ,s_iJ3j^Jb jJ ■ oJ 1 Ids JLaC 1 t r ^ lA Mi Ala-fl-Ul £ V ^ 111 iuc j ^ ^I ^ b! 

. t x aIsjOJI iajm ^ 1 j - j, Jj ." Pi t <LLaJLJ! A 1 ^ ^ ^ j >■ j~ *i ^ dd r- j . <■ ti 1 Lo^-dJ u^^LuiJ 



Kt) = v,~ ‘ 

A/ At = 2 x : 


W H A/ it , = OA / i+1 - OMj_, = AOM : u' Uj 3 
• t ; 1 / 5 tf_/ ^dd^ii ^bud j 1 1 1 AOM 

5 


V(0 


AOM 

Ar 


AjC. ji^ujJI * i“ 3 jLaC 4Ajl "'^ ^ ^ j "ij1t ^y£l A^ 

p 4 -JLJl S^MjtJb t^> A^kJn-ilt l jr& ^ ■ U H I 


V 2 * 


M { M, OM^OM, AOM 


Wi 


A/ 


A/ 


• a l U~ !l j^uLu±>Jb 1 1 (i 11 IJla j-i-olu j 
• tj 4Jou>JJl jjkjjjJI L$LxAj M 2 Alap&lll *JU<C jLu^JJ 4JLsL>» - 

.ilajJJj o>i&> -b-c aL>bl 4_a>L>Jl - 

*4_La_>iJJ1 l *11 * ^3 ^ l lAitii ^ i*S^ "' 1 ^ ^ — 


%Mt 3 " “ J wij jhAjJU 3 ^ 3 LLul -4 M 4 ^ 04 U iicj^ujl ^ * i* (, {jjAA 

V = “—-— » ^-Ll 4 1 in 11 L 0Af 


dt 


4 jLjljVjl^U jpaJ! ■ 




z(y ,,y( 7 / xfy : 4 -JLUt 

fU lJj i_jLu 1 Jl> ^ v 4 uauJLi 1 ui ft"i rtr ^Tl ^jJk> v(/) AjC. j^uJ I ^ % ut JL>La31jl>-I ji 


































0 M\ 


jLaiiKb 


- dOM 

v = - 

dt 


v. = ■ 


dt 

dy 


Vy dt 


dz 


V * dt 


3TLS 1 \ AC,jmJ\ jjUb 


: gjLiillt fUii * 

f V * .11 Av g j ^ ■ - 1 t A -a- M t <-il I 3Ji Vif J-S-3 Oq £jl—uail £bi—Jj JajJ jJ 

.t 4 Pit*i \]\ -1 Jp-ujLaj^a Q^dhV G (jt) A^j^a Jl 

.iyCj-uJ» £bui Ji^I-hH ^^jduJL ^ Ljjluoj £jLuD 1 ^UJ- Ota (jJLJLj j 


L>jJuJb 5Lla_*_J 4U>J ^ d ynlj l *JUsa£ J^a Gq —uiU* £bi—i J-* 

I ^ ■ ■■* *■ H i V ACj>*aJI ^1*Ml j~ ■"■ a 


<*G =■ 


dja 

dt 


iLuiljjJI I In (0,i,J,k) ^A Qq ^jl ...M l £Ut*i ^Li u -luI (ji-W 



Av — V 4 — v, ^LxAll p ■ u jj i tg I (jA l 1] All l*>f j£s j-» £jLuj ^bul ^j -i-j-vJ ^Ai-a-S 

J jS, 1 » ^11' < J t;j 3, lajAJl ,j* J ■*-' jjjjj jiitlut Jj J ~l ir^ *»i 1 Ax. j mi l ^1 « i'l l (jJ aut.J ijj-jj! 


a(/ 3 ) = a 3 



*♦ 

Av 

At 


l f jLuijJI ^Lvtv 0^ j _ l 


m.S 2 I iUg Jl 


. j t .-aI i i A a ^*A"t Lgj*. jpa Us^j m" ll ^Laui 0^5L> iLu>kU jLui^Jl 0^5L> Lajuk ! 4b->-^La 



















-^j- A -La j l Hi a 4-u/ljA ^^5 Freiiet ^Uj3 ^JljuQ ^AJLUmJ 

i (T ^ N) £JL4bu_«J! AdLcLoJt £ M aj= jA^LaJI a t^> Vi 11 JJLa^-i ^£ jJl t Ju_aJl ,j^ j^s ^ ^ ^ ■»" i 


♦ 4j==d jh->vJ 1 i>L>01 ^3 4 a jMiJI 2 j\ in q M ^vxiL^sJt ^Jx J j . a A -aiI aja^J! yU^i 7" 
.jUuu^Jt jJ-OJ JAJ 4AJ^Jl J T {£3 0 Ja£]I ^Llu ^ /V 

* 4-3!vLdLj ^ 1 * q T1 Ijub ^3 ^U^Jl ^ * ■ It 

- dv - v 1 — 
a =- T + -—-•A' 

dt R 

jLii^oJl j-x-aJ j Uq L-uu^a i 3 -i R I 

—* t/v ~ 

.^ji iij" n ^ ji ~—■ jm^J 1 kjr Ji I ctj — —- * T 

.... - — V 2 — 

4 _ > q. h LJ 1 4 I *—f I . £J^ =-* iV 

i? 

: <>j9ju ^juI^ 
SJIJciaJI Ipua : Jg^l 0^t5J> * 

41jL2 J*—Ui (k jXc 4_La3lA_qJJ 4-4 jit J 4 j jjjj-b Aj-dJl ji Aristote jla_jfcvjl ^ ~ JLua * A". * j jl^> 

*l 1 J j 4 U 

(1564- 1642) jjJUIIc j .V 1 > - ll % j inf jpjjjLujJl £ j^jjJ I AjL^j >> I JbJL uj > 1 " c V 1 PJJa j *> ■ ■ ■ ■! 

•Ajj-ill uU^ ^ 4 "> nil pi 1 4j==p jaJI (jl (jT lc r ^hoJLj *^Llu^ j^dJ 1 

^jjjLdJf jijjjjl LjAO 4.3 Ji jJu4 n-uu3^J A jdhdJk A JLA 4 lCLu^A JLjl»-jJ ( 1642- 1727) ^jp AJLJLJ ^j_4 g. Ia q 

1a HUill )jbu4 5 t Jjih 



f X /*== 0 ^ J jjjta 4 jui jl if *joua ^ ^ :Uc4Jl 1 j-<aj 

I 0>5o O 4~iUU^ J^3 J_4 

V G — 0 < Ll^^jLuj ivL*3»i G J ~~» 1 j) t LcdLuj La) “ 
.lL_}Lj fL a-L V G l 4 o ^"i ~i a j ^ .n a La] ~ 


J..A i.W H 4 -jjx jL>Jl j) Ti 11 j ^ 


SJIInaH Ajpeki :^jll([ j^jLoJI * 

—p Jca^jJ ^ydi 4^SJI 43^4x31 aJLLulI! '~—* j a 4-ijdxd :jl>j 
,A\\\ Inr j **~—* j a f jjLii-3 J ^hiaJI Ljr ii- 


4 Pi^t alJLfc ^1 p ff^ill 4 rti li <;b 4 ju>* jL 3JI —dJl ^ ^ - gA- a ^ jU^u i^JLJL£ J>jj4 5 

: G AULW £_jL-3 ^ H 1 





















jt) p ■ ^ icULLiC J-aLsua j --^ J 5 jl ^j^jLBJl 1 Jl& 3-® ^uLauj 

■ I ^jLuiZJt 0^^ l <a 3 j i r 4 mi lLuI^s Lsj Jj= i 4 3m In $ II 3j-3J1 n n i Jt>-I 3-4-^ 

C^jJaLIaJI Qi^nll Lu : AJliJI 0^1 * 

dJ-sLu-* ju^ tiUjX, 3 jL_i.i-Jl jaj L*jJl£ 

,B 4j j*aJl j. A 3 jLm-mJI ^jh-U 

^ J t 3j—3 B 4-jjjlII 3 —Jtaj A 3jL—uJ! 

. F BfA 3 $3 A 3 jU-uJl w V B Aj^jdt 3 * 1^3 GaSjJI juj^j 

3- L -V^ 1 ” 'Q.^ ^JhlIjl 3JI I -Li. 4 J1 3 ^ *V 1 3 

: j^ui 

3jh3j A 3JUu>J1 c. IajjJLj 4JLgj>dl q\& t F A , b 3 3 JL 1 B 4JL^ A CjjJii 13} 

, wu>y 3*xjJl L^jjL-uj j) < 1 ^>J l L^uj^sLa-i t JpaL>iJ 1 ^ig,) L^J 

/T - -/F 

J J B/A 

Referentiels Galileens : iJLLjdl ,qJUaJI - 1 

3j 3 ^ > 4 _a£ ^3u *_jv j^a J5Lb .AjJLLulII ^Ut>aJt ^ if) 343 ^) U jM j-3 3 J * ^ g 1 1 ^ ^ ^ t r 

4ggg.i,—»*tj9 4 til j*^G5 ^pjl 3^> ^GJb ^ >CJ i j lie 4 —ILLulSI l*i— la 

.A-J-Jlc £->Aj>a L^uf {JT A) ^JLJLjlJI 4^JL 4 4 ^ 

Copernic £?> 0: £^>aJI * 

<L_"uQ ^ J^O 4 jMj 4J 3~J^ 3 ^jlLi^J S j^JL) ■ ^ ■ "\j * tt p \* a\\ 

^ ■ ~ ^! j J ~~~ > j- d Ji j -Lt.a fl| 

^ i ~—■ ju ^ 3 3-^*-"- " J t jLG^b ^yJLiiL3 j^a 3 fti b !.V '. 1 jr ^ J *~—* A_jw j>_4 3 } 3_ J j^^vjJ ) 3 J J * 

*4_uU£a*aJ1 l~ 4 j . L^ijCU 

Geocentrique g^jjaJI * 

djjL>wa) ^CuG> f >>0 4^313 >>0 4 ^x 3 ^ j^L^wa 4ji>G 4J ^ j *31 tl j*gJb JciAJ 

4lLU^ y^aj^A q$*LlA 3 (»J_L3jJ3^s jjL > i-^J 4jji 3-4 

3~^ ^UiagJt 3JalJua (Xi> i_u^33u w LJLiJLc ljsJI 1 jLlLcI 3 ^ ^ 1 

>4^cl i, In i^> ^t I tLu-r I J J> ^3 Lu4iIjU4 Sm^J tJL^ 33 SG j 

Terrestre ^jj±xaJI g&)AJI: ^iajbll jjalamH ^)aJI * 

.1 j...Ai J ^w L^jlj^J 4^ «Llji t »^JO jj.bjift ^ t-»... i JsauO^oJI p 1« ->11 

JL>GJt jl^oj < ^3 a* j «"■ .,, ^lli 4_j_<,o j 31 3juJ 1 JjSG 4 -ujl^ 'I^ 3 j- ■“ ^y5 LiJ^li^, £ jLvjyCl 35 U -1 

. L^dUi^u 3 3—^ j ^ 3^35'^ ^a 3jjLa^Jb il> jr ' ^ w ^ 






















*Lu-bj jfl ^ i^t it>» l^ 1 V1 (UiiljJ * ^xliixwo^l >*£JI iS>a. - 4 

: (tf>S>jr) ^y»JotUI £jUUI SjU 

, M 4 -l o£Jl Of J j Ij^jf J I jLlu -4 l m AT£ 1 \ ji t S i. li Is' I jiQ ftl l 4 JUafi jm 

\ <Ulc j-bjSM l$j J^p F wiiL>iUl 5 $3 ^Jj ^cLUai^^I £_iJa_kj 


F = - G . r HJL.u 


,0 ^rTtl^ii^ ^tl j a fit! jl3lj j-fc F ♦ ljju: 


G-6,67x10 n SJ : Liuii G 



,S 3^0 O (jj* 3j^^Jl ^ »■ ■ ■ w 

^LUf Jjj <laj ^ 4 ^ 

m a-F ; ai^uji ajUSL* 

^ m-M - ** 

-G-Y—w = m*tf ; 

- n M ^ _ 

a = -G-—r*M :o^i 

r 2 


Lajp ^ I ^ 11 U>^ j A ^ £? <Jt ~itl f^l* j^SLj ^3 

a" 1",^. ,.i* 4jjLj bI^3L>o j ^ j g* I I ^->0 L-^v jp> 

.bjJb jUa-^Jl L4«U£ 


*^ri;U^NI jflKII 4 x ^1 

.^xllLxus It l j^JaJU ■ ,1 a. f j l ^ wJ (S t N f T) 

I dJ^LfcJb {qjLjLA ^3 ^ji hi" 11 3 jLx l-JlS I j 




- rfv 5; V 2 Yf 

a- - T + ■—-* TV 

<* r 

/jlaju j^j= 3 I 3 JL> ^ 

1 . ^Jo) jiJ2 p 1 * J ^3 Ct ^jIu-LkjJl y LjLili ■ L**l ^ ■’") 


- M — v 2 - 

a = G.— j-N =-iV 

r r 


N--u : 

i^jl-3 ^JbJL 3 f'jLyjuJl 

.AIjLj V ^U-a 3 


jLlu. 4 ^yic ^yXllLa-ws St I jy^3] 1 aJLL&x j&ajj* (j) t ^ \ j_>- jmsJi ^3 

1 ^ L"'. * 





























' ^jT j j ji ^ ft i A A ^ ^ 101 1 1 nr * 


ji. 0.4 


V = 


G-M 


V 


jifi * ^ ■ - ^j-c ^1 ■ ^ Vi ^loj h Cu> w r- R + h 1 ^ 


. I^E 

\ R + h 


j_9 J 


: jAai\ aS)^. jg J 

df I jJ 4~Lab= -' } }- ^ ^ c .I a ^ ^ df I j A A t l j Tk \... : HP JJI 5-LbJ) 

**- II 


T = 


2k • r 


T = 2 % 


G-M 


<U 3 


Satellites geostationnaires : qj£L*±* $±*1\ ^rlih^i jiaSifi 



j^al\ Jt j.—^ 

l£JU1 t (s yC.Ulai M ri> Hf 1 
* Iyv ... I - u ^^—i*uG ^ .3 ^J-uSL^a 

JjljJ.) _>ol ^ 

J)1j jJt-UJ 0\ \ j Atr j 1 v,^bj 5ft 

ACj-*^ ^^LbuJ 
4_£Lu3J j <a-g21 ljufc ^ ^ <J 

,j -4 4 la.a.Ul ^ Jjj&l—«i ^ Lc iUjb 

• 11 ^julu Hi J kln> 

1 ^ ^ l -U./i Hi 1 j * ^H iJLdi ^jj£- JI ?< 1 

4_j| 4_ ^ujJJL) ^j. ——isLuJf 

11 -- 11 

•j '—» JU ...a ^ LfU U. ^ I jLaJS^t A iT u a Hf \ J^a J 

OLa jJjL^Jlj j^>Ji ^Lu?jif i L “ii^^ j ojjJJ J ^»" METEOSAF ^cl <T*<r^if 1 j oiili - 

.4_j ^>Ji CjLxS jjJL ^Lu^LbJl 

.Canal Satellite ^uji1 3L*5 U Ju*f jHsf \ lIlj J <a <n <aTt ASTRA iJF ^l > 1^ 1 ■"> Hf t j gI t ~ 
.T.P.Sk^JLj?) Juj ^ j 4 » V Ni^li EUTELSAT - 

























iSpJI 9 2 .r l,U.^ I jUSai 


jLuZ 


Nicolas Copemic dL_u ^ j-Ji pL=§ fc (1543) j ^ ^l^Ji jj^Ji ^ 

^ jJl (j jJ=U ^ j>_d. ^] l) ^J mflnMl ^ j-<Jl ^1 V% \ ILj fj J d ,J J ^ J 1 k* ' ^Li^j *J ♦" * 

.pJLlJl J,^*7^4 |i ^ r A ^ j m t !■ ^jlS j ».‘. 'J?. 1 
4jI if j tjuXi4 J-£_ULJ i *‘^ L -il j5Lll I hi^j^j ^t q Ut lILo j^i ,jt p A^ ll ^ 1^ 

4 t **TB ^j 4 JL>J| t « J i"il4 \|" ^ I JL^fcr JP lL* _jLi=3 

j TyctlO Brahe ^ ^1 w *~~ t jjl ^^SLLaJl ^4 5 J- * **•"“■ £j(JL4 wLjj^* pJ 
ujbd j-a ^t a* „.i ^aJi Johannes Kepler ^ t : ^ ^ ^uiVi ^SJUl i p^juu *l>. 

mj 1 4 4 *j^SJl JjIjIjujJ^ ojS*£ ^hujl jJIjlH v j ia.)* J[_^- 4 j^L<jj 

»4^>i_A.Lfc) LftASJ iujijlj 

■ I ^ in n*) j.ii I ^Aj \ I^VU 11 ■ .^-iljCTl jJL^p4^3 l rt j 


dljJ ^ij-a jjij,^)i £>-j^Jl fl * (1605) Oiljl ai a l l (J9_al£ gf J9^l j } i l al) 

«4<Vitib yb <Ll3 j^i_4 Jl>- I 1 rfvj jlJUa 



.^t-lL^ if t is jkJK_* F j F • 
.j-jULamj j^-S !i j^is ji-*j 2a * 
*2 _cLaMJ ^jutuaJl J j A -aJl J 2 b * 

4JL>- ^^3 Of ^ J M * 

MF+MF 7 =C te : jijuj* 


. MF’=MF: d^i aj^jlji ^ ±> j* j^i : a^>u 

r = e = b i > hii^i j O oj^zj-a jL>t^ L 3j k - > '-^ if i^pj 


^—in^ > uj^j l i 1 -—* a£—j ^ p ~ "t * (1604) i_iL^L^oaJI ^ ^1 ihJI tjg—tLJI 

j l nj~*.4 4,1,14 J wifL>bd 4-> i n"l 4 UjL ^1,4 ,*J , 4 ^.U. ^JllI ) ^ ■ j L ~~~» j^SJl J- 1 - 1 p.i. J*x in 































J rlj^U Ijjb g iifcfcu) ||)J 






